Two metabolism studies were conducted with 24 (Exp. 1) and 36 (Exp. 2) crossbred barrows (initial weight 35 kg) to determine the effect of corn type -normal corn (NC) and high-lysine corn (HLC) -and storage method -dry (D), high-moisture (HM) and reconstituted (RC) -on energy and N digestibility. Diets fed in Exp. 1 were: 1, NC-soybean meal formulated at .78% lysine (dry matter basis); 2, HLC-soybean meal containing the same amount of corn as diet 1 (.87% lysine); 3, HLC-soybean meal with the same lysine level as diet 1. In Exp. 1, dry matter, energy and N digestibilities were not different between corn types or lysine levels (P>.16). These results indicate that energy and N digestibility of HLC in typical diets for growing swine are similar to those for NC diets when both are balanced on a lysine basis. Also, replacing NC with HLC on an equal-weight basis did not affect energy and N digestibility. In Exp. 2 six diets balanced on an isonitrogenous and dry-matter basis were tested. Normal corn and HLC diets, which had been stored by three different methods (D, HM and RC) were arranged in a 2 X 3 factorial plan. There were no differences between corn types in dry matter, energy and N digestibilities. The HM and RC treatments had larger particle sizes than the dry corn diets. For diets balanced on an isonitrogenous basis, dry corn storage improved energy digestibility (P<.10). Reconstitution appeared to improve energy balance and N digestibility of HLC, while HM storage improved energy balance and N digestibility of NC
Introduction
Since the discovery of the opaque-2 gene, the superior nutritional quality of high-lysine corn (HLC) compared with normal corn (NC) for swine has been demonstrated by numerous researchers (Beeson et al., 1966; Cromwell et al., 1967; Gipp and Cline, 1972) .
The digestibility of HLC was investigated in balance trials by Cromwell et al. (1969) . Their data indicated that HLC protein was more digestible and had a higher biological value than t Published as Paper No. 7924, Journal Series, Nebraska Agr. Exp. Sta. Research reported was conducted under Projects 13-011 and 13-052.
2The technical assistance of Mary B. Barnes, Joy L. Kovar and Roy I. Carlson is gratefully acknowledged. Thanks is also extended to Diana J. Smith for preparation of the manuscript. 3present address: Dept. of Anim. Sci., North Dakota State Univ., Fargo, 58105. 4To whom reprint requests should be addressed. s Dept. of Anim. Sci. Received October 28, 1985 . Accepted February 11, 1986 NC protein. Using various levels of soybean meal, Sihombing et al. (1969) and Marroquin et al. (1973) reported that the N digestibility of HLC was higher than that of NC. Rosa et al. (1977a,b) evaluated N and energy metabolism of rats and pigs fed NC and HLC mutants. Nitrogen digestibility and retention were not different, while biological value of N was higher for HLC diets fed to rats. Energy digestibility of HLC was lower than NC for both rats and pigs. Previous research on the digestibility of HLC has been conducted with opaque-2 single and double mutants, but the new, higher-yielding varieties of HLC have not been examined. There are few data available on the energy and N digestibilities of high moisture (HM) and reconstituted (RC) NC and HLC. In one study, Sachtleben et al. (1975) reported that the energy digestibility of dry (D) and HM-NC and HM-HLC was similar in swine.
The purpose of the present research was to determine dry matter digestibility, energy and N metabolism of NC and HLC for growing swine fed 1) diets balanced on a lysine basis, and diets where HLC replaced NC on an equalweight basis and 2) D, HM and RC diets balanced on an isonitrogenous basis.
Experimental Procedure
Exp. 1. Twenty-four crossbred barrows (initial weight 35 kg) were allotted to three dietary treatments. The amino acid compositions of the corns and soybean meal used in Exp. 1 and Exp. 2 were the same as those reported previously (Asche et al., 1985) . The three dietary treatments contained dry, rolled corn fed in a meal form. Diet 1 was a NCsoybean meal diet formulated to contain .78% lysine (dry matter basis). Diet 2 was a HLCsoybean meal diet than contained the same amount of corn as diet 1 and contained .87% lysine. Diet 3 was a HLC-soybean meal diet, formulated to contain the same amount of lysine as diet 1. The compositions of the three diets are presented in table 1.
The pigs were divided into two groups of 12, and housed in an environmentally controlled room. Ad libitum intakes were determined by feeding the pigs the dietary treatments for a 5-d preliminary period. The pigs were individually housed in 1-x 1.5-m pens containing plasticcoated, mesh floor and nipple waterers. Then, the pigs were moved for a 5-d adaptation period to raised, adjustable, circular metabolism crates containing expanded-metal floors and nipple waterers. The crate design allowed separate collection of urine, feces and orts. All pigs, while in the metabolism crates, were restricted to 90% of the lowest preliminary ad libitum intake. In this way, the same restricted amount of feed was offered to all pigs during adaptation and collection. All pigs were similar in weight at the start of the feeding regimen (range 29.0 to 33.6 kg), therefore, feed intake per kg of body weight was nearly constant. Urine, feces and orts were collected for 5 d.
Daily urine collections were acidified with 100 ml of a 10% (v/v) solution of technical grade concentrated hydrochloric acid and diluted to the nearest 500 ml with distilled water. The diluted urine was mixed and a 1% subsample of the daily volume was withdrawn and stored at -20 C until analyzed. Daily feces and orts were also frozen. After collections were completed, the feces from 6Solka floe, Product of Brown Co., Berlin, NH. each pig were thawed at room temperature, thoroughly mixed and weighed. A subsample was freeze-dried for analysis of N and gross energy and a portion was retained for dry matter determination.
Analysis of feed, feces and urine for N was by the Kjeldahl method (AOAC, 1980 ). An adiabatic oxygen bomb calorimeter was used for gross energy determination of the same samples. Approximately 1 g of feed and feces and 4 ml of urine were used for N and energy analyses.
For gross energy determination, ground, dry feed and feces were pressed into a pellet before being placed in a combustion capsule. Urine was pipetted onto 1 g of cellulose 6 carrier. The prepared urine samples were allowed to dry at room temperature for 36 h. After air drying, the gross energy of the cellulose + urine samples was determined. The energy content of the urine was calculated by subtracting the average gross energy analysis of three cellulose samples. Orts were dried and their dry weight subtracted from the dry matter intake of each pig.
Exp. 2. Thirty-six crossbred barrows (initial weight 35 kg) were allotted to six dietary treatments in a 2 x 3 factorial arrangement consisting of two corn types (NC and HLC) and three storage methods (D, HM and RC). The diets were calculated on an isonitrogenous, equivalent dry-matter basis, using the same sources of corn as Exp. 1. The six corn x storage types were ground in a hammermiU (2.54-cm screen) before mixing into the diets. Harvesting and storage of the HM and RC corn was the same as described by Crenshaw et al. (1984) . The composition of the diets used in Exp. 2 is presented in table 1.
The pigs were fed ad libitum the assigned dietary treatments during a 5-d preliminary period, and then given a daily amount of feed that was equal to 5% of their body weight "9~ (converted from dry to as-fed basis) during a 3-d adjustment to the metabolism crates, and followed by a 5-d collection of urine, feces and orts. Other procedures and analyses were similar to those described for Exp. 1.
The particle size distributions of the prepared corns used in both experiments were characterized for modulus of uniformity, modulus of fineness (Agricultural Engineers Yearbook, 1962; Pfost, 1976) and particle size profile by mechanically sifting the corn through a series of standard sieves. 
Statis~cal analysis of both experim~ts was by analysis of variance procedurcs for a randomized complete-block design with orthogonai treatment comparisons (Exp. 1 and 2), and a factorial anangcment of trcatmcms using the main effects of corn type and storagc method and thcir intcr~ctions (Exp. 2) as described by Stcel and TmTiC (1980) . Initial weight of the pigs was used as a covariatc in Exp. 2 and dry matter intake was used as a covariatc in both experiments. Analysis of variance was computed using the Statistical Amdysis System (SAS, 1979).
Results
Exp. 1. The results of the sieve test (table 2) showed that rolled, dry NC was coars~ than dry HLC when measured by both modulus of uniformity and modnlus of finene~ I~y matter dige~lbility (~ble 3) was not different (P>.24) among treatmenta. Gross coergy intake (table 4) was lower for the NC diet than the HLC diets (P<.001) and also lower for the HLC diet formulated to contain the same amount of corn as the NC diet cornpared with the HLC diet that was formnhted on an equal4ygnc basis (P<.10). Apparent digestible energy was not diffe~:nt (P>.17) among trcanncntr~ Ap~rcnt mctabolizable energy and energy balance were sfightly lower in the HLC diet formulated to contain the same amount of corn as the NC diet than in the HLC diet formulated on an equal-lys~e basis
(P<.]0).
Intake of N (table 5) was higher for the NC diet than the HLC diets and was high~ for the HLC diet formulated on an equal-com basis than for the diet formehted on an equal-lysine basis (P<.001). This reflected the diffm[muccs in crude protein analys~ of the diets (table 1) and was a consequence of the objectives of the experiment.
Nittogen digestibility and N balance were not affected by treatment (P>.24). In contrast, N retention and apparent biological value were higher for the diet equal in lysine to the NC diet than for the diet formulated by equal replacement of corn showed that particle size was mudler for the D than the ElM or RC corns for both NC and HL~ The D-HLC was ground to a finer particle size than the D-NC, as shown by the modulus of uniformity 0ess coarse panicles and more t-me mterial) and the gnaikr modulus of fineness. Of the fenKnted corn, I-IM-NC contained less coarse and more fine material d~n ltM-HLC, as seea by the modulus of unifomfity and prairie size profile. Tbe opposke was true for the RC corns; RC-HLC had fewer coarse particles and more fine particles than RC-NC.
Dry matter digestibility ( Marroquin et al. (1973) observed no differences in dry matter digestib~]ty for HLC and NC, while Rosa et al. (1977a) and Cromwell et al. (1969) repotted that dry matter digestibility of HLC was lower than NC. In contrast, Sihombing er al. (1969) reported that HLC tended to have a higher dry matter diges~ifity than NC. Rosa et al. (1977a) repotted that HLC had a lower digest~le energy content than NC for both rats and pig~ In the present experiments there were no differences in digestible and metabolizable energy values between NC and HLC,
The similarities in N digestibility between NC and HLC reported by Mertz ct al. (1965) are supported by the results of the experiments reported hereto. Mm'roquin er al. (1973) and Sach~ et al. (1975) have reported that N digestibility was higher for pigs fed HLC diets than for those fed NC diets. Cromwell ct 21. (1969) reported that HLC supported greater N retention in 31-and 57-kg pigs that were fed isonitrogcnous diets, or diets containing the same amounts of NC or HLC. In Exp. 1, N balance was influenced primarily by the diffcxcnce in N intake because the diets were not istmitrogenouf~ Nitrogen digest~ility tended to be higher for the HLC diets. The diets formulated on an cqual-lydnc basis had mnfiar N hExp. 2, dry matter intake effect (P<.O01). iCoefficient of variation.
metabolism patterns irrespective of corn type. This is in agreement with the data of Cromwell et al., (1969) and Rosa et al. (1977b) . The present data exhibit similar trends when comparing high lysine and normal corn on an equal-lysine basis and between corn types. However, in Exp. 1, when comparing diets with equal additions of NC and HLC, the NC diet tended to support higher biological value and N balance than the HLC diet. This may imply that the additional lysine supplied from the HLC was not utilized by the pig. This implies that there is no benefit to replacing NC corn with an equal content of HLC when formulating diets for growing pigs.
Numerous experiments have shown that the superiority of opaque-2 corn is due to its improved amino acid balance (Mertz et al., 1964; Nelson et al., 1965; Nelson 1966; Cromwell et al., 1967) . It was clearly shown (Exp. 1) that HLC diets balanced on a lysine basis were similar to the NC diets in dry matter, energy and N digestibilities.
Differences Due To Storage Metbod. Dry matter digestibility was lower for HM than D and RC diets. Goodrich et al. (1975) found higher dry matter losses in fermented HM grain than in fermented RC grain. The HM corn used in this experiment was harvested earlier than the D corn and also was fermented longer than the RC corn.
Digestible and metabolizable energy and energy balance were higher for D than HM and RC storage methods. This indicates that fermentation of the HM and RC corn did not improve energy utilization. Bergen (1976) reported that lactic acid increased and pH decreased as a result of anaerobic microbial fermentation of soluble carbohydrates. Danley and Vetter (1974a) also reported higher soluble carbohydrates and lower butyrate levels in ensiled than D corn. Goodrich et al. (1975) reported that RC corn produced less volatile gases, maintained a higher pH and therefore less fermentation than HM corn. In contrast to the present data, Sachtleben et al. (1975) found The corn type x HM vs RC storage methods interaction for digestible energy, metabolizable energy and energy balance suggests that HM storage improved energy balance of NC and reconstitution improved energy balance of HLC.
Nitrogen digestibility was lower for D than HM or RC storage methods, which suggests that the fermentation process has a beneficial effect on N digestibility. Similar results were observed by Crenshaw et al. (1984) with pigs fed HMand RC-sorghum grain diets. In contrast, Sachtleben et al. (1975) reported lower N digestibility for HM-NC than D-NC and similar N digestibility for HM-HLC and D-NC. There were also differences between HM and RC treatments for N digestibility, which caused a corn type x storage method interaction. The highest N digestibility for NC diets occurred with the HM storage method, where-as reconstitution of corn improved N digestibility for pigs consuming HLC diets. This same trend is also apparent for N balance. Jones et al. (1970) found more soluble N in ensiled corn than dry corn, which may infer that attack by digestive enzymes would be more rapid. Danley and Vetter (1974b) compared the N fractions of D, HM and RC corn grain and found higher concentrations of soluble N in ensiled (HM and RC) than in D corn storage. Also, small but nonsignificant increases in water and NaC1 soluble N for RC vs HM corn storage methods were reported. Similar differences in the quantities of soluble N between RC and HM corn could explain some of the N metabolism results obtained in Exp. 2.
Differences in particle size distributions between the corn types may partially explain the interaction of HM and RC storage methods with corn type for energy and N characteristics. The higher energy balance and N digestibility of HM-NC and reconstituted HLC may be related to the smaller particle size of the HM-HLC and RC-NC. Recent data have shown improved energy and N digestibility as particle size decreased for pigs fed sorghum grain (Owsley et al., 1981) and corn and sorghum grain (Ohh et al., 1983) .
The results of these experiments indicate that energy and N digestibility are similar between NC and HLC diets for growing swine whether the diets are balanced on an equivalent lysine or protein basis. The substitution of HLC for NC on an equal-weight basis is not beneficial based on energy and N metabolism. Diets fed in a dry form favored improvements in energy digestibility whereas HM and RC diets had improved N digestibility. Energy balance and N digestibility was improved for NC stored as HM grain and for HLC stored as RC grain.
